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The electroencephalogram (EEG) is one of the most important diagnostic tools for evaluating seizures and spells in patients. Epileptiform abnormalities on EEG can help differentiate epileptic from nonepileptic events, as well as assess risk of recurrent seizures following a first unprovoked seizure. According to the American Academy of Neurology practice parameter for evaluation of a first unprovoked seizure in adults, epileptiform abnormalities on EEG were associated with a greater risk of seizure recurrence, 49.5% with epileptiform discharges versus 27.4% without, although nonspecific EEG abnormalities were not (1) . Similarly, the likelihood of seizure recurrence following a first unprovoked seizure in a child increases from 27-42% if the EEG is normal, to 60-71% if there are epileptiform abnormalities (2) . Therefore, adequately recording the epileptiform abnormalities is essential. Unfortunately, only 29-55% of epilepsy patients have been reported to show epileptiform discharges on a single routine EEG. Thus, the debate continues regarding the best practices for routine outpatient EEGs to obtain the greatest diagnostic yield.
The American Clinical Neurophysiology Society (ACNS) reminds us that the "EEG is a short sample in time from the patient's life" (3) . Given that most patients with epilepsy are not demonstrating continuous epileptiform abnormalities, what is the best way to capture that moment in time in which they are? The ACNS guidelines for performing EEG recommends at least 20 minutes of satisfactory, artifact-free recording during wakefulness at minimum, with additional recording time for photic stimulation, hyperventilation, and sleep when possible (3). European guidelines recommend at least 30 minutes of artifact-free recording (4). However, these are considered minimum recording guidelines and may not be sufficient. To improve the diagnostic yield of EEG-in addition to using hyperventilation, photic stimulation, and sleep deprivation-there are two basic approaches: Increase the number of recordings or increase the duration of a single recording.
While the yield of epileptiform abnormalities on first EEG is only 29-55%, a population-based study demonstrated that a second routine EEG would identify epileptiform abnormalities in an additional 10% of patients following a single unprovoked seizure. In addition, there was a cumulative increase in epileptiform discharges following a third routine EEG study from 39.1% to 67.6% in those with single unprovoked seizure and from 52.7% to 72% in those with new onset epilepsy. Additional EEGs in the patients with new onset epilepsy further increased the yield to 87.6% (5) . Furthermore, just as seizures can cluster-with periods of seizure freedom interspersed by several days of seizure activity-so can the epileptiform abnormalities (6) . Therefore, repeating studies at different points in time in patients in whom the first EEG is negative may increase the yield. However, repeatedly applying EEG electrodes and repeating studies can be uncomfortable, inconvenient, and expensive for patients. An alternative may be a single, more prolonged recording, but what is the optimal recording duration?
Ambulatory EEG allows patients to undergo a single prolonged recording without admission to the hospital. In a Objective: To compare the yield of epileptiform abnormalities on 30-minute recordings with those greater than 45 minutes. Methods: We performed a prospective observational cross-sectional study of all outpatient routine EEGs comparing the rate of interictal epileptiform discharges (IEDs) and clinical events during the initial 30 minutes (routine) with those occurring in the remaining 30-60 minutes (extended). A relative increase of 10% was considered clinically significant. Results: EEGs from 1,803 patients were included; overall EEG duration was 59.4 minutes (SD ± 6.5). Of 426 patients with IEDs at any time during the EEG, 81 (19.1%, 95% confidence interval 15.6-23) occurred only after the initial 30 minutes. The rate of late IEDs was not associated with age, indication, IED type, or sleep deprivation. Longer recording times also increased event capture rate by approximately 30%. Conclusions: The yield of IED and event detection is increased in extended outpatient EEGs compared to 30-minute studies.
Routine Versus Extended Outpatient EEG: Too Short, Too Long, or Just Right?
large retrospective review of 72-to 96-hour ambulatory EEGs performed in patients with a history of recurrent paroxysmal events, 68% of studies had either epileptiform abnormalities or recorded events, similar to the yield of three routine EEGs (5, 7) . However, a smaller study of patients with known epilepsy who underwent 24 hours to 7 days of prolonged EEG showed the likelihood of additional epileptiform discharges being recorded after 24 hours was low, with 89% of the patients having an epileptiform discharge within the first 24 hours and only 1 patient who had their first epileptiform abnormality after 24 hours (8) . When patients from a large hospital in Taiwan under the care of an epileptologist had 3-hour outpatient video EEGs, epileptiform discharges were recorded in 54.1%; mean latency to the first epileptiform discharge in these patients was 22.1 minutes for patients with generalized epilepsy but was 30.6-42.8 minutes in patients with focal epilepsy (9) . Furthermore, patients undergoing ambulatory EEG may need to return to the EEG lab intermittently every 24 or 48 hours to repair the EEG leads, upload information acquired, and replace batteries. While less expensive than inpatient monitoring, families must still remain in close proximity to the EEG lab to allow for potential return visits throughout the ambulatory EEG recording. Therefore, while sensitivity of longer duration EEGs is similar to that of repeated routine EEGs-and this can be done in a single recording-ambulatory EEGs lasting several days may still be inconvenient and costly.
The results of the study by Burkholder and colleagues comparing the yield of epileptiform abnormalities during 30 minutes of recording versus approximately 60 minutes (all longer than 45 minutes) provide evidence for a suitable compromise between obtaining serial routine outpatient EEGs and a single prolonged ambulatory EEG. This is a large, prospective, single-center study comparing the findings recorded in the first 30 minutes of a routine outpatient EEG versus the second half of the EEG. While indications and specialties of the referring physicians were variable, 822 (304 pediatric and 518 adult) recordings had seizure-specific indications, such as the patients in the aforementioned studies (5, (7) (8) (9) . During the first 30 minutes, epileptiform abnormalities were recorded in 36% of records, similar to previous reports (8) . However, the yield increased by 7.7% with additional 15 to 30 minutes of recording time, similar to the previously reported additional epileptiform abnormalities recorded with a second EEG study in patients following an unprovoked seizure (5) . Furthermore, 17.5% of all discharges occurred after 30 minutes in this group, which was clinically significant. Seizures were recorded in 54 patients, of which 29.6% occurred after the initial 30 minutes. The authors nicely restated this in more clinical terms, demon-strating that a new epileptiform abnormality would be found once in every 13 studies in which the pretest probability is high, with a new captured event every 31 EEGs in the 60-minute studies compared to the shorter studies. Finally, the cost of increasing EEG recording time is less than 50% greater than a 30-minute study.
In conclusion, increasing recording time on routine EEG to nearly 60 minutes is a more cost-effective and convenient method of improving the diagnostic yield of an EEG compared to multiple routine EEGs or single prolonged ambulatory EEGs. By providing similar diagnostic yield of two 30-minute routine EEGs, this longer EEG can be performed at a lower cost and without requiring multiple patient visits while still decreasing the likelihood of needing to add more costly and prolonged EEG recordings.
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